
In assessing the clinical impact of food immunotherapy, it is
important to distinguish desensitization from SU, remission, and
oral tolerance. SU refers to a lack of a clinical reaction to a food
allergen after an active therapy has been discontinued for a
period of time, while remission refers to a temporary condition
of non-responsiveness after active immunotherapy has been
completed. Finally, oral tolerance is defined as a complete lack
of clinical reactivity to a specific food allergen, as found in the
natural development of tolerance (43). In practice, SU is often
used as a substitute for permanent tolerance when reporting
results of clinical trials. It is unclear what time period defines
permanent tolerance to a specific food.

Comparison and interpretation of published clinical studies is
not only adversely impacted due to terminological differences,
but also due to the lack of criteria for evaluating clinical effects.
The latter is complex and often lacking. In fact, efficacy has
typically been measured in clinical trials using oral food
challenges, therefore it is not yet known whether or not
desensitization rates can protect patients from accidental
exposure in real-life settings or can prevent severe or life-
threatening allergic reactions or death (44).

Cow’s milk (CM), egg and peanut immunotherapy
desensitize approximately 60 to 80% of patients studied (45–
47). A majority of patients treated with food allergens
through application of immunotherapy are at least partially

desensitized, but this desensitization does not translate into
decreased allergic reactions in real-life settings (48). It appears
that the desensitization rates for other foods, e.g. wheat,
sesame, hazelnut are not as high as those for CM, egg or
peanut, but knowledge is lacking due to a paucity of clinical
studies (49, 50).

SU has not been adequately studied to provide conclusive
data. CM and peanut have been found to induce SU in 30%–70%
of patients (43, 45). Interpretation of these data is difficult, as it is
mainly based on a number of unspecific variables such as the
patient’s age, delivery method, duration of active phase of
immunotherapy, length of time off therapy, etc. OIT and EPIT,
in their current form, are unlikely to induce a permanent or long-
lasting measurable immunological and clinical response (47, 51).

A recent meta-analysis of clinical RCTs analyzed more than a
thousand patients treated with peanut OIT followed up for a
median of 12 months and estimated that 40% of the active group
became desensitized compared with 3% of patients in the control
group. However, significant risks of side effects or severe adverse
events were observed in the treatment group (22%) versus the
placebo group (7%) (47), including use of adrenaline or reactions
defined as anaphylaxis. Furthermore, there was no evidence that
OIT with peanut significantly improved quality of life in the
participants compared with patients who continued to
avoid peanuts.

FIGURE 1 | Immunological mechanisms of allergic sensitization. Epithelial cells produce alarmins such as IL-25, IL-33, and TSLP in response to external insults.
These cytokines are central regulators of type 2 immunity, as they act on dendritic cells to induce TH2 responses and activate ILC2 cells leading to production of
IL-13 and IL-5. Allergens and pathogens that pass skin or mucosal epithelial barriers are captured and processed by dendritic cells (DCs), which in turn migrate to
draining lymph nodes, where they present allergen-derived peptides on MHC class II molecules to naïve T cells, which in turn (depending on co-stimulatory and
cytokine signals) can differentiate to TH2 cells or TFH cells. TH2 cells produce type 2 cytokines such as IL-4, IL-13, IL-5, and IL-9, and function as effector cells that
drive many aspects of allergic inflammatory responses. TFH cells produce IL-21, IL-4, and IL-13 and induce IgE class switch recombination in B cells, plasma cell
differentiation and allergen-specific IgE production. Plasma cell produce allergen-specific IgE antibodies that are released into circulation and can bind to FcϵRI
molecules on mast cells and basophils. Subsequent exposure to allergen can result in mast cell and basophil degranulation.
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Fase di sensibilizzazione all’allergene

Gli allergeni che
attraversano la
barriera epiteliale sono
captati, processati e
presentati dalle cellule
dendritiche che a loro
volta migrano nei
linfonodi drenanti
dove presentano
l’antigene ai linfociti T
naive. Il
differenziamento dei
linfociti T in Th2 e Tfh
dipende dalla
costimolazione e dalla
presenza di particolari
citochine.



In seguito alla attivazione dei
linfociti B dopo il
riconoscimento dell’antigene
da parte dell’ IgM espressa
sulla membrana, la risposta
anticorpale per poter
procedere ha bisogno
dell’aiuto da parte dei
linfociti T.

La risposta anticorpale ad antigeni proteici necessita dell’aiuto dei linfociti T  

(FDCs), and BGC cells, and a dark zone (DZ) of proliferating BGC

cells (Figure 3A). Selection occurs in the LZ. FDCs organize the
microanatomic structure of GCs and retain and provide antigens
to the BGC cells (Heesters et al., 2013; 2016). Deletion of FDCs
rapidly impairs GCs (Wang et al., 2011). BGC cells obtain intact
antigen from the surface of FDCs by B cell receptor (BCR)-
mediated endocytosis and process the antigen into peptides
for surface presentation in p:MHCII complexes. GC-Tfh cells
preferentially provide help to BGC cells with higher expression
of p:MHCII, which serves as an indirect measurement of higher
BCR antigen affinity. BGC cells that do not receive GC-Tfh help
die. BGC cells helped by GC-Tfh cells then migrate to the DZ
and undergo rounds of division and division-linked SHM
commensurate with the magnitude of the GC-Tfh cell help
each BGC cell receives (Ersching et al., 2017; Gitlin et al., 2014)
(Figure 3A). One model is that GC-Tfh cell help is the only BGC

cell selecting event in GCs. If that is the case, changes in MHCII
expression by B cells should alter GC selection. However, B cells
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Figure 3. Tfh and B Cell Response Kinetics
and Interactions
(A) A time series of Tfh differentiation and func-
tion. Details of the steps are summarized in the
main text. For simplicity, only one TF is indicated
in each cell. TCF1 expression is retained in Tfh
cells and not non-Tfh effector cells. An animated
version is included as Video S1.
(B) Tfh functions and signals that regulate BGC

cycling, BGC/BPC differentiation, and BGC/
BMem differentiation. ‘‘Int’’ = intermediate.

with MHCII haploinsufficiency compete
in GCs equivalently to WT cells under
conditions of physiological antigen con-
centrations (Yeh et al., 2018), indicating
that B cell competition for Tfh cell help
predominantly occurs at the T-B border,
not in the GCs. BGC cells with alterations
in MHCII degradation also have similar
GC competitive fitness (Bannard et al.,
2016). Thus, considering experimental
systems avoiding supraphysiological
stimuli, both BCR signaling and Tfh cell
help signals appear to be integrated in
BGC cells to determine survival and pro-
liferation in a GC (Bannard et al., 2016;
Kr€autler et al., 2017; Yeh et al., 2018).
That model is further supported by find-
ings that BGC cells have rewired BCR
and CD40 signaling. Naive B cells can
induce Myc TF expression via CD40 or
BCR signaling due to cross-regulation
of NF-kB and PI3K pathways; however,
in BGC cells those signaling pathways
become siloed, such that CD40L:CD40
engagement triggers NF-kB and BCR
antigen signaling engages PI3K signaling
(Luo et al., 2018) (Figure 3B). In part this
is due to synaptic differences in BGC

cells, which provides more stringent
affinity discrimination by BGC cell BCR engagement (Nowosad
et al., 2016).
The help provided by GC-Tfh cells to BGC cells classically

consists of IL-21, IL-4, CD40L, and CXCL13, in addition to pro-
duction of more widely expressed cytokines such as IL-2 and
TNF. The combination of IL-21 and IL-4 expression by GC-
Tfh cells maximally supports BGC cells (Weinstein et al.,
2016), in addition to CD40L. While GC-Tfh cells express sub-
stantial amounts of IL-21 and IL-4 RNA, GC-Tfh cells secrete
infinitesimal quanta of IL-21 and IL-4 protein, consistent with
GC-Tfh cells constraining GCs as a resource limited environ-
ment (Dan et al., 2016; Havenar-Daughton et al., 2016c). GC-
Tfh cells may also directly kill BGC cells via FasL-Fas (Butt
et al., 2015); however, GC-Tfh cells express little FasL (Bente-
bibel et al., 2011) and a role of GC-Tfh FasL has not been
directly demonstrated in GC selection.
One substantial difference in Tfh cell help between mice and

humans is CXCL13 expression (Figure 3B), discussed later.
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with MHCII haploinsufficiency compete
in GCs equivalently to WT cells under
conditions of physiological antigen con-
centrations (Yeh et al., 2018), indicating
that B cell competition for Tfh cell help
predominantly occurs at the T-B border,
not in the GCs. BGC cells with alterations
in MHCII degradation also have similar
GC competitive fitness (Bannard et al.,
2016). Thus, considering experimental
systems avoiding supraphysiological
stimuli, both BCR signaling and Tfh cell
help signals appear to be integrated in
BGC cells to determine survival and pro-
liferation in a GC (Bannard et al., 2016;
Kr€autler et al., 2017; Yeh et al., 2018).
That model is further supported by find-
ings that BGC cells have rewired BCR
and CD40 signaling. Naive B cells can
induce Myc TF expression via CD40 or
BCR signaling due to cross-regulation
of NF-kB and PI3K pathways; however,
in BGC cells those signaling pathways
become siloed, such that CD40L:CD40
engagement triggers NF-kB and BCR
antigen signaling engages PI3K signaling
(Luo et al., 2018) (Figure 3B). In part this
is due to synaptic differences in BGC

cells, which provides more stringent
affinity discrimination by BGC cell BCR engagement (Nowosad
et al., 2016).
The help provided by GC-Tfh cells to BGC cells classically

consists of IL-21, IL-4, CD40L, and CXCL13, in addition to pro-
duction of more widely expressed cytokines such as IL-2 and
TNF. The combination of IL-21 and IL-4 expression by GC-
Tfh cells maximally supports BGC cells (Weinstein et al.,
2016), in addition to CD40L. While GC-Tfh cells express sub-
stantial amounts of IL-21 and IL-4 RNA, GC-Tfh cells secrete
infinitesimal quanta of IL-21 and IL-4 protein, consistent with
GC-Tfh cells constraining GCs as a resource limited environ-
ment (Dan et al., 2016; Havenar-Daughton et al., 2016c). GC-
Tfh cells may also directly kill BGC cells via FasL-Fas (Butt
et al., 2015); however, GC-Tfh cells express little FasL (Bente-
bibel et al., 2011) and a role of GC-Tfh FasL has not been
directly demonstrated in GC selection.
One substantial difference in Tfh cell help between mice and

humans is CXCL13 expression (Figure 3B), discussed later.
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Nella zona di confine fra
area T e B del linfonodo
i linfociti interagiscono
fra di loro. I linfociti B
specifici per l’antigene
lo captano e lo
presentano ai linfociti
Tfh. Questi ultimi
attraverso l’interazione
CD40L-CD40 e la
produzione di citochine
inviano al linfocita B i
segnali necessari per la
proliferazione e il
differenziamento in
plasmacellule e cellule
B del centro
germinativo (BGC).

Cinetica e interazioni nella risposta dei linfociti Tfh e B 
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with MHCII haploinsufficiency compete
in GCs equivalently to WT cells under
conditions of physiological antigen con-
centrations (Yeh et al., 2018), indicating
that B cell competition for Tfh cell help
predominantly occurs at the T-B border,
not in the GCs. BGC cells with alterations
in MHCII degradation also have similar
GC competitive fitness (Bannard et al.,
2016). Thus, considering experimental
systems avoiding supraphysiological
stimuli, both BCR signaling and Tfh cell
help signals appear to be integrated in
BGC cells to determine survival and pro-
liferation in a GC (Bannard et al., 2016;
Kr€autler et al., 2017; Yeh et al., 2018).
That model is further supported by find-
ings that BGC cells have rewired BCR
and CD40 signaling. Naive B cells can
induce Myc TF expression via CD40 or
BCR signaling due to cross-regulation
of NF-kB and PI3K pathways; however,
in BGC cells those signaling pathways
become siloed, such that CD40L:CD40
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(Luo et al., 2018) (Figure 3B). In part this
is due to synaptic differences in BGC

cells, which provides more stringent
affinity discrimination by BGC cell BCR engagement (Nowosad
et al., 2016).
The help provided by GC-Tfh cells to BGC cells classically

consists of IL-21, IL-4, CD40L, and CXCL13, in addition to pro-
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Tfh cells maximally supports BGC cells (Weinstein et al.,
2016), in addition to CD40L. While GC-Tfh cells express sub-
stantial amounts of IL-21 and IL-4 RNA, GC-Tfh cells secrete
infinitesimal quanta of IL-21 and IL-4 protein, consistent with
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ment (Dan et al., 2016; Havenar-Daughton et al., 2016c). GC-
Tfh cells may also directly kill BGC cells via FasL-Fas (Butt
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directly demonstrated in GC selection.
One substantial difference in Tfh cell help between mice and

humans is CXCL13 expression (Figure 3B), discussed later.

Immunity 50, May 21, 2019 1135

Immunity

Review

I BGC entrano nel follicolo
e iniziano a proliferare
generando il centro
germinativo che è
costituito da una zona
scura dove le cellule B
sono attivamente
proliferanti e dove
avviene l’ipermutazione
somatica e una zona
chiara dove sono
selezionati i linfociti che
esprimono un recettore
con elevata affinità per
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with MHCII haploinsufficiency compete
in GCs equivalently to WT cells under
conditions of physiological antigen con-
centrations (Yeh et al., 2018), indicating
that B cell competition for Tfh cell help
predominantly occurs at the T-B border,
not in the GCs. BGC cells with alterations
in MHCII degradation also have similar
GC competitive fitness (Bannard et al.,
2016). Thus, considering experimental
systems avoiding supraphysiological
stimuli, both BCR signaling and Tfh cell
help signals appear to be integrated in
BGC cells to determine survival and pro-
liferation in a GC (Bannard et al., 2016;
Kr€autler et al., 2017; Yeh et al., 2018).
That model is further supported by find-
ings that BGC cells have rewired BCR
and CD40 signaling. Naive B cells can
induce Myc TF expression via CD40 or
BCR signaling due to cross-regulation
of NF-kB and PI3K pathways; however,
in BGC cells those signaling pathways
become siloed, such that CD40L:CD40
engagement triggers NF-kB and BCR
antigen signaling engages PI3K signaling
(Luo et al., 2018) (Figure 3B). In part this
is due to synaptic differences in BGC

cells, which provides more stringent
affinity discrimination by BGC cell BCR engagement (Nowosad
et al., 2016).
The help provided by GC-Tfh cells to BGC cells classically

consists of IL-21, IL-4, CD40L, and CXCL13, in addition to pro-
duction of more widely expressed cytokines such as IL-2 and
TNF. The combination of IL-21 and IL-4 expression by GC-
Tfh cells maximally supports BGC cells (Weinstein et al.,
2016), in addition to CD40L. While GC-Tfh cells express sub-
stantial amounts of IL-21 and IL-4 RNA, GC-Tfh cells secrete
infinitesimal quanta of IL-21 and IL-4 protein, consistent with
GC-Tfh cells constraining GCs as a resource limited environ-
ment (Dan et al., 2016; Havenar-Daughton et al., 2016c). GC-
Tfh cells may also directly kill BGC cells via FasL-Fas (Butt
et al., 2015); however, GC-Tfh cells express little FasL (Bente-
bibel et al., 2011) and a role of GC-Tfh FasL has not been
directly demonstrated in GC selection.
One substantial difference in Tfh cell help between mice and

humans is CXCL13 expression (Figure 3B), discussed later.
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vita e cellule B della
memoria.



Il centro germinativo 
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Caratteristiche dei linfociti T follicolari (TFH)

A partire dal 2000 è stata descritta una
sottopopolazione di linfociti T helper
specializzata nel cooperare con le cellule B
nella produzione di anticorpi. Queste cellule
definite linfociti T helper follicolari (Tfh) sono
caratterizzate dall’espressione di CXCR5
(ligando CXCL13), PD-1, ICOS e il repressore
trascrizionale BCL6 e dalla produzione di IL-
21.
Le Tfh possono produrre anche IFN-g o IL-4.

experimental approaches to define precursors, or plasticity in
differentiating CD4+ T cells. In this review, we discuss how
transcriptional factors work independently and together to direct
Tfh/Th1 bifurcation. We propose that a Bcl6–T-bet axis exists in
parallel with the Bcl6–Blimp-1 paradigm for Tfh/Th1 ontogeny.
Importantly, these transcriptional networks are context-
dependent and tuned by dynamic changes in the environment
to tip the balance toward either Tfh or Th1 cell formation.
Furthermore, we discuss recent advances and anomalies in the
field that shed new light on how the unique cytokine milieu in
different infections is a key decisive factor in determining Tfh
versus Th1 fate. Understanding the multifactorial process of the
Tfh/Th1 dichotomy will pave the way to rationally develop
immunotherapeutics to direct pathogen clearance and vaccines
that promote the formation of neutralizing antibodies following
viral infections.

THE BCL6–T-BET AXIS: THE LINCHPIN OF TFH/TH1
EQUILIBRIUM
Despite being phenotypically and functionally distinct, Tfh and
Th1 cells share precursors characterized by the coexpression of
two lineage-specifying transcriptional factors, Bcl6 and T-bet
(Fig. 1).4,5,8–11 Unlike mature effector populations, CD4+ T-cell
memory precursors express Bcl6 and T-bet at low to intermediate
levels, and Bcl6 deficiency leads to loss of CD4+ central memory
cells along with Tfh cells.12–15 Within the precursors of effector
cells, Bcl6 and T-bet are competitively co-expressed and
antagonize the expression of each other. Ultimately, one of these
transcription factors wins the differentiation race to determine the
formation of Tfh or Th1 cells. It is therefore important to
understand the characteristics that allow these transcriptional
factors to either be co-expressed or show dominate expression to
mediate CD4+ T-cell fate commitment in the context of infection.

Bcl6
Bcl6 is a proto-oncogene zinc-finger transcriptional repressor that
has a profound role in the function and differentiation of multiple

immune lineages. Bcl6 expression is essential for robust humoral
immunity. GC B cells express high levels of Bcl6, which prevents
their differentiation into plasma and memory cells.16,17 Consistent
with this, Bcl6-deficient mice display impaired GC formation, lack
of antigen-specific antibodies against T-cell-dependent antigens,
and impaired affinity maturation.18 In addition, Bcl6 regulates the
generation and maintenance of memory CD8+ T cells.19 A decade
ago, studies illustrated the role of Bcl6 in Tfh fate commitment.2

Initial studies highlighted that the interleukin 6 (IL-6) and
interleukin 21 (IL-21) cytokines promote Tfh differentiation
in vitro and that this differentiation is associated with the
upregulation of Bcl6 in both murine and human Tfh cells.11,20–22

CD4+ T cells deficient in Bcl6 failed to develop into Tfh cells and
were insufficient to support GC reactions in vivo, thus definitively
showing that Bcl6 is required for Tfh differentiation.11,21,23 Since
the discovery of Bcl6 as a lineage-defining transcription factor,
studies on the Tfh transcriptional differentiation axis have been
focused on the antagonistic relationship between Bcl6 and Blimp-
1, (a transcription factor encoded by Prdm1).11,21,23,24 Bcl6 and
Blimp-1 antagonize and inversely regulate each other’s expression
in both GC B cells and Tfh cells. In T cells, Blimp-1 is
downregulated in Tfh cells but it is maintained at high levels in
non-Tfh CD4+ T cells.11 The overexpression of Blimp-1 inhibits
CD4+ T cells to acquire the Tfh phenotype by inhibiting the
expression of canonical markers, including CXCR5, ICOS, and
PD-1.11,21,23,25 While it was previously proposed that Tfh cell
formation was a default differentiation state for CD4+ T cells, this
has recently been shown to not be the case, as cells deficient in
both Bcl6 and Blimp-1 fail to form Tfh cells in vivo following both
immunization and viral infection.25 As discussed below, this study
confirmed previous work highlighting that Bcl6 acts as a hub for
the transcriptional repression of pathways that inhibit Tfh
differentiation.25 Importantly, this and other studies have recently
demonstrated that Bcl6 repression of these transcriptional net-
works occurs independently of Blimp-1, further highlighting the
indispensable role for Bcl6 in Tfh fate commitment.25,26

Several unique structural features of the Bcl6 protein allow it to
interact with diverse transcription factors and chromatin modifiers
to form transcriptional complexes. These interactions permit Bcl6
to control gene expression in CD4+ T-cell precursors and in
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acting targets of BCL6 in human GC Tfh cells. This research
outlined that BCL6 is directly or indirectly recruited to loci of

Fig. 1 Tfh and Th1 fate trajectories. Naive CD4+ T cells following
antigen presentation by dendritic cells and additional signals from
the microenvironment develop into common Tfh/Th1 precursor cells
that coexpress Bcl6 and T-bet, which are expressed competitively. In
the presence of Tfh signals, common Tfh/Th1 precursor cells
differentiate into Tfh cells that co-express key transcription factors
(Bcl6 and T-bet), chemokine receptors (CXCR5 and CXCR3), and
molecules (PD-1 and ICOS). In contrast, common Tfh/Th1 precursor
cells that differentiate into Th1 cells in response to Th1 signals
express the canonical Th1 transcription factors Blimp-1, T-bet, and
Bcl6; chemokine receptors (CXCR3); and IL-2 receptor (IL-2Rα)
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production. Circulating Tfh numbers have been shown to 
increase in number in the blood of patients with 
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erythematosus and rheumatoid arthritis. Patients with 
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deficiency have been shown to have severely reduced 
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surface markers including CXCR5, PD1 and ICOS. Tfh differentiation is a multi-step process, beginning in  
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and IL-6 cytokine production by DCs provides signals to the 
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Developing Tfh express the chemokine receptor CXCR5 and 
down-regulate the chemokine receptor CCR7, allowing the cells 
to migrate towards the B cell zone. At the T and B cell zone 
border, TCR and ICOS-L co-stimulation is handed over to  
 activated B cells allowing 

developing Tfh to express 
higher levels of CXCR5, ICOS 
and PD1 and move to the B 
cell zone. Eventually, Tfh help 
form GCs and fully 
differentiated Tfh within the 
GC are known as GC Tfh and 
express the highest level of 
CXCR5, PD1 and ICOS.  

Lastly, defects in Tfh help to B cells has been observed in HIV infected patients and contributes to the 
inability of patients to produce effective HIV specific antibodies. Given the contribution of Tfh to a number 
of human diseases, better understanding of these cells could one day be therapeutically beneficial. 
Furthermore, the production of long lasting specific antibodies forms the basics of successful vaccination, 
therefore a great deal of research is being carried out to better understand Tfh to improve vaccine design.   
 
Alternative Tfh 
In addition to Tfh expressing the CD4 co receptor, a population of T cells expressing the CD8 co-receptor 
have been found to express CXCR5, PD1 and Bcl-6. They have been identified in the B cell follicles of mice 
during both acute and chronic lymphocytic choriomeningitis virus infection.  This newly identified 
population is currently being studied by multiple research groups. It will be interesting to determine their 
importance to protective immunity.  
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Il differenziamento dei Tfh è un processo
multi-fasico che ha inizio nella zona T degli
organi linfoidi secondari. Inizialmente i
TCD4+ naive riconoscono l’antigene
presentato in associazione alle molecole
MHC di classe II da parte delle cellule
dendritiche. Questo in associazione alle
citochine prodotte dalle DC e alla
segnalazione inviata attraverso ICOS induce
l’espressione di BCL-6 e indirizza il
differenziamento delle cellule verso i Tfh.
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I linfociti T che differenziano in Tfh up-
regolano il CXCR5 e down-regolano il CCR7
permettendo alle cellule di muoversi nella
zona di confine T-B. Il riconoscimento
dell’antigene presentato in associazione alle
molecole MHC di classe II da parte dei B
promuove il differenziamento dei Tfh che
up-regolano CXCR5, PD1 e ICOS e
raggiungono la maturazione nel centro
germinativo. La segnalazione da parte di
ICOS ha un ruolo importante nel
differenziamento dei Tfh.



Il centro germinativo 

Nel corso della risposta
anticorpale saranno
prodotti anticorpi di
diverso isotipo e con
aumentata affinità per
l’antigene.
Questo è reso possibile da
due processi: lo scambio
isotipico e l’ipermutazione
somatica.



Commutazione di classe delle Immunoglobuline 

La commutazione di classe
è il processo che permette
che una parte dei linfociti
B attivati produca
anticorpi con stessa
specificità per l’antigene e
diversa regione costante
(isotipo). La
commutazione di classe
avviene attraverso la
sostituzione di un cluster
costante (es: Cµ) con un
altro cluster (es: Cg).



Commutazione di classe/switch isotipico/della catena pesante 

Lo scambio di classe è un processo di
ricombinazione in cui la regione del DNA che
codifica per la regione costante della catena
pesante della immunoglobulina viene tagliata e
ricombinata in modo tale per cui l’esone VDJ che
codifica per la regione V viene posto accanto ad
una regione costante più a valle ed il DNA
interposto eliminato

Lo scambio isotipico è regolato dalle citochine
prodotte dai linfociti T helper follicolari e dalla
interazione CD40 (espresso sui linfociti B) con il
CD40 ligando (CD40L) espresso dai linfociti Tfh
attivati.
Lo scambio isotipico verso le IgE richiede la
citochina IL-4.



Nello scambio isotipico gli
eventi di ricombinazione
coinvolgono sequenze
nucleotidiche che sono
presenti al 5’ di ogni locus
CH che sono definite
switch regions.
Queste sequenze
presentano un esone I
(iniziatore della
trascrizione) preceduto da
una regione promotrice.
Affinchè possa avvenire la
ricombinazione fra le
sequenze di switch è
necessario che avvenga la
trascrizione delle
sequenze I-S-C. Tali
trascritti germinativi non
sono tradotti in proteine.



I trascritti germinativi
sono presenti a livello
del locus µ che del
locus della catena
pesante coinvolta nello
scambio isotipico.
I trascritti germinativi
permettono la
formazione di catene
ibride DNA-RNA con un
filamento di DNA
lasciando libero l’altro
filamento sul quale
agirà l’enzima AID
(activation induced
deaminase)
responsabile dello
scambio isotipico.
L’interazione fra CD40 e
CD40L induce
l’espressione di AID.



Le citochine avviano lo
scambio di classe
attivando la trascrizione
dei trascritti germinativi.
In particolare l’IL-4 e l’IL-
13 promuovono lo
switch isotipico da IgM a
IgE.

Ruolo delle citochine nello switch isotipico 



Ipermutazione somatica 

Nei linfociti B della zona scura che stanno
proliferando i geni V che codificano per la regione
variabile dell’immunoglobulina vanno incontro a
mutazioni puntiformi con elevata frequenza.



La generazione della risposta
anticorpale IgE necessita
dell’aiuto dei T helper e della IL-
4. Per molto tempo i Th2 che
producono IL-4 sono state
considerate le cellule
responsabili della risposta IgE.
Recentemente esperimenti in
topi deficienti in BCL6, che
abroga lo sviluppo dei Tfh,
hanno dimostrato l’importanza
di tali cellule nella produzione di
IgE allergene specifiche.
In base a questi dati si ritiene
che nel corso delle risposte agli
allergeni i Tfh agiscano nel
sostenere la risposta IgE mentre i
Th2 nel mediare la risposta
infiammatoria di tipo 2.

I linfociti Tfh attivano i linfociti B specifici per l’allergene e  inducono la 
produzione di IgE



I linfociti Thelper follicolari allergene specifici inducono i 
linfociti B a produrre IgE specifiche per l’allergene 

Studi recenti hanno
dimostrato che la
produzione di IgE anche in
risposte fisiologiche come
quelle verso gli elminti
richiede le Tfh producenti
IL-4 denominate Tfh2. La
cooperazione da parte
delle cellule Tfh2
producenti IL-4 promuove
la produzione di IgE da
parte dei linfociti B.
E’ stato dimostrato che gli
allergeni inducono IgE ad
alta affinità che invece
sono raramente prodotte
nelle risposte fisiologiche.

‘innocuous’ substances, one may develop aberrant allergic
responses to such antigens.

Distinct from Tfh cells, Tfr cells are a subset of T
regulatory (Treg) cells that can gain access to the B cell
follicle by virtue of their CXCR5 expression. Tfr cells
regulate the quality and magnitude of antibody responses
and also prevent aberrant auto-reactive antibody genera-
tion in the host [49–51]. Tfr cells express the signature
transcription factors of both Tfh cells (BCL6) and Tregs
(FoxP3). Several recent studies have assessed the role of
Tfrs cells in allergic IgE production [25!,26!,52!!].
Employing an inducible in vivo depletion model of Tfr
cells, Clement et al. showed that acute loss of Tfr cells
during house dust mite extract sensitization resulted in
increased IgE plasma cells and IgE titers [25!]. They
further showed that Tfr cells suppress Tfh-derived

cytokines IL-4 and IL-13 and IgE production in an in
vitroTfh-Tfr-B cell co-culture assay, indicating direct
suppression of Tfh cell function by Tfr cells. However,
whether the escalated IgE response with the loss of Tfr
cells was due to the augmentation of Tfh13 cells in vivo is
unclear. In a more recent study using constitutive Tfr cell
knockout mice, Vinuesa and colleagues also showed
elevated IgE production in type 2 immunization and
food allergy models [52!!]. In this study, Tfr cells did
not seem to directly impact IL-4 or IL-13 production by
Tfh cells but affected B cells directly. Mechanistically, a
Tfr cell-derived neurotrophic factor, neuritin, resulted in
inhibitory phosphorylation of adaptors of IL-4 and IL-13
signaling, thus constraining IgE B cells [52!!]. Intrigu-
ingly and in contrast to these studies, Xie et al. showed
that Blimp-1-expressing Tfr cell-derived IL-10 promotes
peanut-specific IgE responses in food allergy by
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Schematic overview of the Tfh cell differentiation and IgE induction: Immunogens such as allergens or helminths can activate antigen presenting
cells and also elicit tissue damage. Cytokines such as TSLP, IL-33, IL-1, and IL-25 are released as a response to tissue damage caused by type
2 immunogens which skews APCs to steer the immune response to type 2. The activated APCs (primarily dendritic cells) migrate into the T cell
zone in the lymph node and activate naı̈ve T cells to adopt a type 2 differentiation program through mechanisms that are not completely clear.
The activated T cells differentiate into Th2 cells and type 2 Tfh cells, which are involved in tissue inflammation and help B cells produce
antibodies, respectively. In helminth infections, Tfh2 cells which produce IL-4 and IL-21 interact with germinal center B cells, to elicit low-affinity
IgE antibodies, presumably via direct class switching from IgM to IgE. Allergens induce Tfh13 cells that make IL-4 and IL-13 to aid high-affinity IgE
secreting cells. The Tfr cells may regulate this process by the neuritin-mediated suppression of antigen-specific IgE production, as well as through
IL-10 mediated enhancement of IgE B cells.
Abbreviations: BCL6, B cell lymphoma 6 protein; GC, germinal centers; GATA3, GATA binding protein 3; FceR, Fc epsilon receptor; ICOS,
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follicle by virtue of their CXCR5 expression. Tfr cells
regulate the quality and magnitude of antibody responses
and also prevent aberrant auto-reactive antibody genera-
tion in the host [49–51]. Tfr cells express the signature
transcription factors of both Tfh cells (BCL6) and Tregs
(FoxP3). Several recent studies have assessed the role of
Tfrs cells in allergic IgE production [25!,26!,52!!].
Employing an inducible in vivo depletion model of Tfr
cells, Clement et al. showed that acute loss of Tfr cells
during house dust mite extract sensitization resulted in
increased IgE plasma cells and IgE titers [25!]. They
further showed that Tfr cells suppress Tfh-derived

cytokines IL-4 and IL-13 and IgE production in an in
vitroTfh-Tfr-B cell co-culture assay, indicating direct
suppression of Tfh cell function by Tfr cells. However,
whether the escalated IgE response with the loss of Tfr
cells was due to the augmentation of Tfh13 cells in vivo is
unclear. In a more recent study using constitutive Tfr cell
knockout mice, Vinuesa and colleagues also showed
elevated IgE production in type 2 immunization and
food allergy models [52!!]. In this study, Tfr cells did
not seem to directly impact IL-4 or IL-13 production by
Tfh cells but affected B cells directly. Mechanistically, a
Tfr cell-derived neurotrophic factor, neuritin, resulted in
inhibitory phosphorylation of adaptors of IL-4 and IL-13
signaling, thus constraining IgE B cells [52!!]. Intrigu-
ingly and in contrast to these studies, Xie et al. showed
that Blimp-1-expressing Tfr cell-derived IL-10 promotes
peanut-specific IgE responses in food allergy by
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Schematic overview of the Tfh cell differentiation and IgE induction: Immunogens such as allergens or helminths can activate antigen presenting
cells and also elicit tissue damage. Cytokines such as TSLP, IL-33, IL-1, and IL-25 are released as a response to tissue damage caused by type
2 immunogens which skews APCs to steer the immune response to type 2. The activated APCs (primarily dendritic cells) migrate into the T cell
zone in the lymph node and activate naı̈ve T cells to adopt a type 2 differentiation program through mechanisms that are not completely clear.
The activated T cells differentiate into Th2 cells and type 2 Tfh cells, which are involved in tissue inflammation and help B cells produce
antibodies, respectively. In helminth infections, Tfh2 cells which produce IL-4 and IL-21 interact with germinal center B cells, to elicit low-affinity
IgE antibodies, presumably via direct class switching from IgM to IgE. Allergens induce Tfh13 cells that make IL-4 and IL-13 to aid high-affinity IgE
secreting cells. The Tfr cells may regulate this process by the neuritin-mediated suppression of antigen-specific IgE production, as well as through
IL-10 mediated enhancement of IgE B cells.
Abbreviations: BCL6, B cell lymphoma 6 protein; GC, germinal centers; GATA3, GATA binding protein 3; FceR, Fc epsilon receptor; ICOS,
inducible T cell costimulator; IgE, Immunoglobulin isotype E; IL-(4,13,21,10), interleukin-(4,13,21,10); Tfh cells, T follicular helper cells; cTfh,
circulating T follicular helper like cells; TSLP, thymic stromal lymphopoietin; STAT, signal transducer and activator of transcription.
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Modello dell’induzione di IgE durante l’esposizione all’allergene 

Durante la fase di sensibilizzazione
all’allergene (modelli animali con
allergeni inalati o ingeriti) sono
indotte Tfh2 in grado di produrre IL-4.
Più recentemente è stata identificata
una popolazione di Tfh producenti IL-
4 e IL-13 ed esprimenti GATA3 e BCL6
denominata Tfh13.
La perdita di tali cellule nel modello
murino determina un difetto nella
induzione di IgE allergene specifiche.
Attualmente è stato proposto che le
Tfh2 mediano lo switch verso IgE a
bassa affinità mentre le Tfh13
mediano lo switch verso le IgE ad alta
affinità.



Modello dell’induzione di IgE durante l’esposizione all’allergene 

Mentre l’IL-4 media lo
switch dell’immunoglobulina
diretto da IgM a IgE, l’IL-13
potrebbe essere coinvolta
nello switch sequenziale da
IgG1 a IgE. Lo switch
sequenziale IgG IgE
determina la generazione di
IgE ad alta affinità che sono
indotte dagli allergeni.



Le cellule IgE+ nel centro germinativo sono rare

Lo switch a IgE avviene nel CG ma la maggior parte delle cellule B IgE+ differenziano in 
plasmacellule che lasciano il CG.

Le IgE con aumento della affinità avviene attraverso uno switch sequenziale da IgM a 
IgG  e poi a IgE. Lo switch diretto IgM-IgE genera IgE a bassa affinità.

Cellule B della memoria IgE sono rare. In seguito a re-incontro con l’antigene le cellule B 
della memoria IgG1 differenziano in plasmacellule secernenti IgE. 

Caratteristiche delle risposte IgE 
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2 immunogens which skews APCs to steer the immune response to type 2. The activated APCs (primarily dendritic cells) migrate into the T cell
zone in the lymph node and activate naı̈ve T cells to adopt a type 2 differentiation program through mechanisms that are not completely clear.
The activated T cells differentiate into Th2 cells and type 2 Tfh cells, which are involved in tissue inflammation and help B cells produce
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IgE antibodies, presumably via direct class switching from IgM to IgE. Allergens induce Tfh13 cells that make IL-4 and IL-13 to aid high-affinity IgE
secreting cells. The Tfr cells may regulate this process by the neuritin-mediated suppression of antigen-specific IgE production, as well as through
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Nella fase di
sensibilizzazione
sono generate sia
Tfh2 che Tfh13.
Queste ultime sono
unicamente indotte
nelle condizioni
allergiche.

Produzione di IgE nella fase di sensibilizzazione 
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zone in the lymph node and activate naı̈ve T cells to adopt a type 2 differentiation program through mechanisms that are not completely clear.
The activated T cells differentiate into Th2 cells and type 2 Tfh cells, which are involved in tissue inflammation and help B cells produce
antibodies, respectively. In helminth infections, Tfh2 cells which produce IL-4 and IL-21 interact with germinal center B cells, to elicit low-affinity
IgE antibodies, presumably via direct class switching from IgM to IgE. Allergens induce Tfh13 cells that make IL-4 and IL-13 to aid high-affinity IgE
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